Purpose Unipolar and bipolar hemiarthroplasty (HA) are used to treat displaced femoral-neck fractures. However, which type is best for treating displaced femoral-neck fractures in elderly patients remains a subject for debate. Our aim was to review randomised controlled trials to establish which type provides superior clinical outcome for this patient population. Methods We searched PubMed, Embase and Cochrane Register of Controlled Trials databases and Web of Science for randomised controlled trials (RCTs) comparing unipolar with bipolar HA to treat femoral-neck fracture in the elderly. Risk ratios (RRs) and mean differences (MDs) from each trial were pooled using random-effects or fixed-effects models depending on study heterogeneity. Analysis was performed using RevMan5.2 from the Cochrane Collaboration. Results A total of 1,100 patients from nine studies were assessed in this meta-analysis. Results showed no significant differences in function score [MD=−0.14, 95% confidence interval (CI) −2.42-2.13], mortality (RR=0.97, 95% CI 0.65-1.46), dislocation (RR=1.33, 95 % CI 0.53-3.34), deep infection (RR=0.79, 95 % CI 0.35-1.79), acetabular erosion (RR=1.99, 95 % CI 0.61-6.52), operating time (MD=2.14, 95 % CI −9.85 to14.14), blood loss (MD=13.40, 95 % CI −49.60 to 76.39) and length of hospital stay (MD=0.12, 95 % CI −0.49to0.73) between unipolar and bipolar HA. Conclusions Unipolar and bipolar HA achieved similar clinical outcomes in patients with displaced femoral-neck fractures.
Introduction
With the growing aging population and high prevalence of osteoporosis, there are approximately 1.5 million hip fractures worldwide per year, and there will be an estimated 3.9 million worldwide in 2050 [1] . Hip fractures in older patients are associated with impaired mobility, excess morbidity and mortality and obvious loss of independence [2, 3] . It is estimated that the annual medical costs owing to hip fractures will be more than US $15 billion at this time [4] .
Displaced femoral-neck fractures account for about 50 % of the total hip fracture population [5] . Operative alternatives for displaced femoral-neck fractures include internal fixation, hemiarthroplasty (HA), and total hip arthroplasty (THA). HA is a common surgical procedure in elderly patients with displaced femoral-neck fractures, especially for the frail [6] . There are two different types of HA: unipolar and bipolar. Compared with unipolar HA with a single joint articulation, bipolar HA articulates at two different levels, and this design is thought to be associated with less acetabular wear and an increased range of motion (ROM) [7] . Theoretically, bipolar HA should decrease the amount of acetabular erosion and reduce pain [8] .
Numerous studies [9] [10] [11] [12] [13] [14] [15] [16] [17] have compared clinical results of bipolar with unipolar HA. In a long-term follow-up trial comparing bipolar with unipolar prostheses, LaBelle et al. [7] found there was less pain and decreased acetabular protrusion in the bipolar group. In addition, Lestrange et al. [18] reviewed 496 patients with bipolar replacements for displaced femoral-neck fractures and compared them with patients having unipolar replacements. They concluded that the bipolar prosthesis offered advantages over one-piece designs in terms of fit, decreased acetabular erosion and improved function. However, in a prospective observational study based on the Swedish Hip Arthroplasty Register, Leonardsson et al. [19] found that bipolar implants had a higher risk of re-operation irrespective of cause (hazard ratio = 1.3), dislocation (1.4), infection (1.3) and periprosthetic fracture (1.7). There is still inadequate evidence to support the choice between unipolar and bipolar HA.
Therefore, we designed this meta-analysis to quantitatively compare the clinical efficacy and complications of bipolar with unipolar HA for displaced femoral-neck fracture.
Methods
This meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [20] for reporting systematic reviews and meta-analyses in healthcare interventions.
Search strategy
We searched four electronic databases (PubMed, Embase, Cochrane Central Register of Controlled Trials, Web of Science) from database inception to February 2014 to identify potential randomised controlled trials (RCTs) using search terms "unipolar", "Thompson", "bipolar", "Monk", "hemiarthroplasty", "Prosthesis". No language, date, or publication status restrictions were imposed. In addition, these searches were supplemented with manual searches of the references lists of included studies and relevant reviews. All processes were performed by two authors independently.
Inclusion criteria
Inclusion criteria for this meta-analysis were RCTs comparing bipolar with unipolar HA in patients with displaced femoralneck fractures. All patients must be adult and randomised into two groups: one with bipolar and the other with unipolar HA. All patient parameters, such number, age and body mass index (BMI), must have been comparable in both groups. Primary outcomes of our study were function; mortality; complications, including dislocation and deep infection rates. Secondary outcomes were operating time, blood loss and length of hospital stay.
Data extraction and quality assessment
Two investigators critically and independently extracted the following information and entered it into a database: study design, patient characteristics, interventions, comparisons, outcomes and follow-up. Divergences were resolved by consensus. Two authors independently appraised the quality of the included studies according to the Cochrane Collaboration guidelines (random sequence generation, allocation concealment, blinding, incomplete outcome data, selective reporting and other sources of bias) [21] ; disagreements between authors were resolved by discussion.
Statistical analyses
Meta-analysis was done using Review Manager 5.2 software. Relative risks (RR) and 95 % confidence intervals (CI) were calculated for dichotomous outcomes, and mean differences (MD) and 95 % CI were calculated for continuous outcomes. We assessed heterogeneity among studies using the I 2 statistic, judging values <50 % as having no significant heterogeneity and those ≥50 % as having significant heterogeneity. When heterogeneity was not significant, a fixed-effect model was used; otherwise, a random-effect model was used. For outcome measures, a P value<0.05 was considered statistically significant.
Results

Search results and study description
Our search strategy found 107 articles; nine studies [9] [10] [11] [12] [13] [14] [15] [16] [17] involving 1,100 patients met inclusion criteria (Fig. 1) . Table 1 summarises the key characteristics of the included studies; sample sizes ranged from 48 to 261 cases, with an average patient age of 65-87.4 years and a follow-up of six to 60 months. In both groups, cemented fixation was used. Based on nine studies, 1,100 patients were available for analysis, of whom 548 received unipolar and 552 bipolar HA. Both groups were well matched for patient number, age, BMI and pre-operative hip function. Table 2 summarises study methodological quality and characteristics. All nine studies were randomised, and six [9] [10] [11] [12] [13] 16] had adequate randomisation procedures; Seven had concealed allocation, and two [16, 17] did not. Six studies used blinding, and three [9, 15, 17] did not.
Outcome measures
Outcome measures are reported in Table 3 .
Function score
The Harris Hip Score (HHS) was used for outcome assessment in seven studies [9-13, 15, 16] 
Mortality
Mortality data were provided in four studies [9, [11] [12] [13] . The number of events was 41 for bipolar (n=318) and 38 for unipolar (n=294) HA. Meta-analysis results demonstrated there was no significant difference in mortality rate between groups (RR=0.97, 95 % CI 0.65-1.46). Substantial heterogeneity was not observed (P=0.43, I 2 =0 %).
Dislocation rates
Dislocation rates were available in seven studies (1,049 patients, 18 events) [9] [10] [11] [12] [15] [16] [17] . Pooled data showed 521 bipolar and 528 unipolar HA (re-operations were ten and eight cases, respectively). Meta-analysis results found no statistically significant difference between bipolar and unipolar groups (RR=1.33, 95 % CI 0.53to 3.34). There was no significant heterogeneity (P=1.00, I 2 =0 %).
Deep infection
Five studies [9, 11, 13, [15] [16] [17] 
Surgical outcomes
Seven studies [9-12, 14, 16, 17] reported blood loss, operating time and length of hospital stay. Meta-analysis results revealed 
Discussion
HA is an effective treatment for displaced intracapsular femoral-neck fractures in the elderly. Whether bipolar or unipolar HA is the better treatment option for displaced femoral-neck fractures in elderly patients remains a subject for debate. The objective of our study was to collect a data set as large and inclusive as possible from prospective RCTs to determine which type is superior. To this end, we analysed nine studies that collectively assessed 1,100 patients. Our meta-analysis found no significant differences in function outcomes and mortality, dislocation, deep infection and acetabular erosion rates or operative outcomes, including blood loss, operating time and length of hospital stay between bipolar and unipolar HA. A Cochrane Review [22] comparing clinical results of bipolar and unipolar HA concluded there was no difference in outcome between bipolar and unipolar prosthesis. However, there were several obvious limitations related to that review: First, data were based on not only RCTs but also quasi-RCTs, which might lower the strength of evidence. Second, seven RCTs were identified in their study, two of which were only reported as a conference abstract with no data; eventually, only five were included for the final analysis. Therefore, that report should be updated, as a number of new, well-designed RCTs [13] [14] [15] [16] have since been published. Compared with the Cochrane report, we included four other studies [13] [14] [15] [16] and excluded that reported no data. Therefore, we believe our evidence is stronger regarding the efficiency of bipolar versus unipolar HA than the Cochrane Review.
The primary outcomes in our meta-analysis were function score and mortality rate. In theory, the better outcomes in the bipolar group may be related to the ball-in-shell mechanism of the bipolar prosthesis, which allows lower acetabular pressure postoperatively than does unipolar HA. The lower acetabular pressure can result in a faster return of the ability to walk, leading to quicker recovery and thus fewer postoperative complications related to immobility [23] . Jeffcote et al. [13] reported a significant difference in functional outcome in favour of the bipolar group at three months compared with unipolar HA. After three months, there was no further significant difference in functional outcomes. However, our pooled analysis failed to show an advantage of bipolar over unipolar HA in function score. Postoperative mortality is high in elderly patients undergoing surgery for intracapsular femoral-neck fractures [1, 2] . Our meta-analysis showed similar mortality rates between bipolar and unipolar HA. In an RCT with a four year follow-up, Inngul et al. [15] reported an overall mortality rate ranging from four months to four years, with no statistically significant differences between unipolar and bipolar HA at any time, which was consistent with our results.
With regard to hip complications, we found no significant differences in dislocation, deep infection and acetabular erosion rates between groups. Leonardsson et al. [19] assessed 23,509 HA procedures from the Swedish Hip Arthroplasty Register performed between 2005 and 2010. They found the most common reasons for HA re-operation and revision were implant dislocation and infection, accounting for three quarters of procedures. In our study, there were seven RCTs available for pooled analysis, and results demonstrated no statistically significant differences in dislocation and deep infection rates between groups. Another complication was acetabular erosion, which was believed to cause pain and impaired hip function [12] . Data from national registries indicate that only 5.1 % of revisions in Australia and 4.7 % in Sweden were attributable to acetabular erosion [24] . In theory, bipolar HA reduces stress on the acetabular surface and thereby reduces acetabular erosion. In a one year follow-up of an RCT, Hedbeck et al. [14] found that the bipolar group had superior results with less acetabular erosion compared with the unipolar group; however, our meta-analysis demonstrated no statistically significant difference between groups.
Strengths and weaknesses of this review
Our meta-analysis compiled all available randomised studies of bipolar compared with unipolar HA for femoral-neck fractures in the elderly, which is the highest level of evidence. By including only RCTs, the sample size and robustness of estimates was convincing. It is noteworthy that there are some limitations in our meta-analysis: Firstly, although only RCTs were assessed, the quality of those studies could have been better. For example, three of the nine studies [14, 15, 17] did not report adequate sequence generation for randomisation, which may add a risk of bias. Secondly, follow-up for four years was done in one RCT only [15] ; multicentre RCTs with longer-term outcome assessments and more outcome measures are necessary in order to confirm outcomes from our meta-analysis. Furthermore, inclusion criteria were different for each study we included in our analysis, which might influence the obvious consistency of effects across studies, although no obvious between-study heterogeneity was found in this meta-analysis.
Conclusions
Based on the meta-analysis of RCTs, we conclude that no statistically significant differences were seen in any data point between bipolar and unipolar HA. Large multicentre RCTs with a longer follow-up are needed to confirm our results.
Conflict of interest None.
